Complete termination of dual antiplatelet therapy with aspirin plus clopidogrel (Plavix) after stent implantation can result in late stent thrombosis. The proper duration of this therapy is unclear; however, at least 12 months of uninterrupted therapy is currently recommended.
A bare metal stent should be considered in patients at low risk for restenosis, those with bleeding conditions, those who will need surgery soon, or those at high risk of thrombosis.
HE PAST FEW MONTHS have seen great concern-in both the medical literature and the lay press-about the risk of late stent thrombosis in patients who have received a drug-eluting stent. Though data are limited and late stent thrombosis is rare, the risk is real, and it is greater with drug-eluting stents than with bare metal stents.
To reduce the risk of thrombosis in drugeluting stents, it may be important to use these devices more selectively, assessing patients' risk of restenosis, their risk of bleeding, their need for surgery in the future, and the risk of late stent thrombosis.
As for how long patients with drug-eluting stents should receive dual antiplatelet therapy, ie, aspirin plus clopidogrel (Plavix), we should consider giving it for longer than the 3 to 6 months currently recommended, though there are few data to guide us at this time. At our institution, we routinely treat for 12 to 24 months after stent implantation, and in some high-risk cases we will employ indefinite dual antiplatelet therapy.
Finally, special care must be taken in patients who must undergo surgery while they are receiving antiplatelet therapy after receiving a drug-eluting stent.
■ THE EVOLUTION OF ANGIOPLASTY AND STENTING
The use of coronary stents has increased dramatically in the last decade, primarily because of their ability to reduce the restenosis that was common in balloon angioplasty alone. In the 1980s, balloon angioplasty without stents led to restenosis in 15% to 60% of patients, depending on comorbidities, vessel size, and lesion complexity. [1] [2] [3] [4] Bare metal coronary stents, gradually adopted in the early 1990s, reduced the risk of target lesion revascularization to approximately 12% to 16%. 1, 2 And restenosis is hardly benign: in 1,186 consecutive cases of bare metal stent restenosis, 9.5% of patients presented with myocardial infarction. 5 Then came drug-eluting stents, which revolutionized the practice of interventional cardiology. These stents slowly release antigrowth factors from a polymer coating over several months to prevent restenosis. Two models are available, one of them using the immunosuppressant sirolimus (Cypher; Cordis Corp., Miami Lakes, FL) and the other using the anticancer drug paclitaxel (Taxus; Boston Scientific Corp., Natick, MA).
Two pivotal trials of drug-eluting stents in patients at low or medium risk undergoing elective percutaneous intervention found rates of revascularization in target lesions of 3% to 4%-a 75% relative reduction in restenosis compared with bare metal stents. 6, 7 Now, more than 85% of percutaneous coronary interventions in the United States are performed with drug-eluting stents. 8 More than 6 million of the devices have been placed worldwide. 9 But a number of reports of late stent thrombosis have raised concerns about drugeluting stents. Late thrombotic events are very rare with bare metal stents, although they occur in more than 5% of patients after brachytherapy. 10, 11 Stent thrombosis is serious, as it is often manifested by acute myocardial infarction or death. In an observational study of 2,229 patients, 29 developed stent thrombosis, of whom 13 (45%) died, while most of the rest suffered nonfatal myocardial infarction. 12 ■ CLASSIFYING AND DEFINING STENT THROMBOSIS Termination of dual antiplatelet therapy is also classified (somewhat arbitrarily) as:
• Premature (stopped less than 6 months after placement of a paclitaxel stent or 3 months after a sirolimus stent), or • Late (stopped more than 6 months after the stent was implanted).
■ HOW COMMON IS STENT THROMBOSIS?
Numerous studies have attempted to define the incidence of late drug-eluting stent thrombosis (TABLE 1) . 12,14-21 Meta-analyses that we and others performed in 2005 found no difference in the incidence of stent thrombosis with either sirolimus-eluting or paclitaxel-eluting stents compared with bare metal stents during intermediate follow-up of 6 to 12 months. 17, 22, 23 The overall incidence of stent thrombosis was less than 1% for both bare metal stents and drug-eluting stents in these analyses. However, more recent studies suggest that drug-eluting stents increase the risk of late stent thrombosis. A meta-analysis of 14 clinical trials with longer follow-up noted that the incidence of very late thrombosis of drug-eluting stents (occurring > 1 year after the index procedure) was 0.5%, with no events reported with bare metal stents. 15 These findings were confirmed by another analysis of the four principal randomized trials of paclitaxel stents, in which the incidence of late stent thrombosis (> 6 months after the index procedure) was 0.5% higher with paclitaxel-eluting stents than with bare metal stents. 16 Importantly, this did not translate into an increase in death or myocardial infarction in the paclitaxeleluting stent population. These data suggest that although drug-eluting stents reduce the risk of acute coronary syndromes due to stent restenosis, they may also slightly increase the risk of late thrombotic events. 5, 24, 25 Our current knowledge is limited in that most of the randomized trials excluded patients at high risk, whereas in clinical practice, patients receive drug-eluting stents in a variety of high-risk clinical situationsincluding acute myocardial infarction-and anatomic locations such as in long lesions or at bifurcations. In addition, long-term followup has not been universally reported, and the risk of thrombosis with dual antiplatelet therapy longer than 3 to 6 months is unknown. Therefore, the reported incidence of late drug-eluting stent thrombosis in the original trials may be an underestimate of their "realworld" incidence.
■ WHAT IS THE MECHANISM OF LATE STENT THROMBOSIS?
Early stent thrombosis is often related to mechanical aspects of revascularization such as an unrecognized dissection, small final lumen diameter, and persistently slow flow. 26, 27 Our understanding of predictors of late stent thrombosis is evolving, but this phenomenon appears to be multifactorial (TABLE 2) . Virmani et al 28 were the first to draw attention to an association between localized hypersensitivity vasculitis and drug-eluting stents. Later, Nebeker and colleagues 29 30 performed autopsies in 40 consecutive patients who died after receiving drug-eluting stents. Even 4 years after the stents were implanted, there were still fibrin deposits in the vessel wall, and the endothelium had not completely grown back. Partial endothelialization and a fibrin-rich milieu are potent thrombogenic stimuli. In contrast, and consistent with previous studies, patients who received bare metal stents showed greater arterial healing and near-complete endothelialization by 3 to 4 months after deployment. 31, 32 These results have been confirmed in living patients undergoing angioscopy. 33 Additionally, drug-eluting stents may have long-term adverse effects on local endothelium-dependent vasomotor responses, contributing to the risk of late stent thrombosis. 34 Thrombosis may have worse consequences with drug-eluting stents than with bare metal stents, as the former have various inhibitory effects on the production of cytokines, growth factors, and chemotactic proteins, which may impair collateral function. 35, 36 If collateral regression has occurred, this phenomenon can lead to more serious cardiac events. 37 
■ RISK FACTORS FOR LATE STENT THROMBOSIS
Longer stent coverage. 17, 26, 30 Most drugeluting stents are implanted to cover the entire lesion, because letting the ends of the stent fall in diseased segments has been associated with edge dissection and restenosis. Consequently, longer stents are being implanted, or multiple stents are being overlapped end to end. 26, 38 Renal failure 12, 39 with microvascular and metabolic abnormalities may increase the risk of stent thrombosis, as increased plateletderived microparticles with procoagulant activity are released from activated platelets. 39 Left ventricular dysfunction. 12 Properties of the artery. Stenting at bifurcations and in-stent restenosis lesions, plaque disruption near the stented segment, and penetration of a necrotic lipid-rich core with extensive plaque prolapse are consistent predictors of late stent thrombosis. 19, 30, 31 Resistance to antiplatelet therapy may increase the risk of early and, potentially, late drug-eluting stent thrombosis. 40 Four percent to 30% of patients do not respond adequately to clopidogrel on in vitro testing, and 5% to 45% do not respond adequately to aspirin. 41, 42 Wenaweser et al 40 reported that 11 (48%) of 23 patients with stent thrombosis had an impaired response to aspirin (defined as > 20% platelet aggregation with 0.5 mg/mL arachidonic acid) compared with 32% of patients without stent thrombosis.
However, there is no universally accepted test for antiplatelet resistance, and therefore its prevalence varies among studies. 43 Currently, there is no agreement as to the role that antiplatelet resistance may play in late stent thrombosis.
■ NOT ALL PATIENTS NEED A DRUG-ELUTING STENT
Not all patients need or should receive a drugeluting stent. Several factors should be considered, such as the patient's risk of restenosis, his or her risk of bleeding, and the risk of late stent thrombosis (TABLE 3) . Patients in whom a bare metal stent should be considered include the following: Those with a very low risk of restenosis, who likely have little to gain from a drug-eluting stent. 44 , 45 Ellis et al 46 determined that the risk of needing revascularization within 9 months is low (4%-10%) if a bare metal stent is implanted in a native vessel, the lesion is de novo, the artery has a reference diameter of at least 3.5 mm, the lesion length is less than 5 mm, the patient does not have diabetes, and the lesion is not ostial.
Patients with a bleeding condition such as active peptic ulcer disease necessitating blood transfusions, who should not receive antiplatelet drugs long-term.
Correction LATE STENT THROMBOSIS RABBAT AND COLLEAGUES
Patients who require coronary revascularization before undergoing a surgical procedure, who will need to interrupt their antiplatelet drugs before surgery. A bare metal stent will not necessitate prolonged, uninterrupted dual antiplatelet therapy. Additionally, in some stable patients it may be prudent to proceed with the surgical procedure without first performing revascularization. 47 Patients at risk for late drug-eluting stent thrombosis include those with multiple additional risk factors or who are likely to be noncompliant with antiplatelet therapy.
■ HOW LONG TO CONTINUE DUAL ANTIPLATELET THERAPY?
Currently, stent manufacturers recommend that patients receive dual antiplatelet therapy for at least 4 weeks to prevent stent thrombosis with bare metal stents, 3 months with sirolimus-eluting stents, and 6 months with paclitaxel-eluting stents. The latter two treatment durations are based on the landmark clinical trials of drug-eluting stents. 6, 7 However, on the basis of clinical trials of bare metal stents and brachytherapy, many clinicians routinely give dual antiplatelet therapy for at least 12 months. [48] [49] [50] At our institution, we routinely treat for 12 to 24 months after drug-eluting stent implantation, and in some high-risk cases we will employ indefinite dual antiplatelet therapy. Stopping therapy prematurely is clearly harmful, as it has been associated with a more than 50-fold increased risk of stent thrombosis. 12, 51 If dual antiplatelet therapy must be stopped prematurely because the patient needs to undergo surgery, a bridging strategy with tirofiban (Aggrastat) or etifibatide (Integrilin), 52 which are intravenous glycoprotein IIb/IIIa inhibitors, with or without anticoagulant therapy with either unfractionated heparin or a low-molecular-weight heparin might be considered (FIGURE 1) . A glycoprotein IIb/IIIa inhibitor is favored over anticoagulation, since dual antiplatelet therapy with aspirin and ticlopidine (Ticlid; another antiplatelet agent) is more effective in lowering rates of stent thrombosis than are aspirin and warfarin. 53 The optimal regimen and tim- 
CASE 1
A 66-year-old woman with a worsening chest pain syndrome and a history of hypertension, hyperlipidemia, and osteoarthritis underwent a preoperative stress test because she will undergo a right knee replacement in 1 month. The stress test was markedly positive, and on cardiac catheterization she was found to have severe disease of the mid-left anterior descending artery. Recommendation: bare metal stent.
Reason: upcoming surgery in 1 month.
CASE 2
A 59-year-old man with a history of hyperlipidemia and 40-packyear history of smoking underwent an exercise stress test for exertional angina. The stress test was positive, and he underwent cardiac catheterization demonstrating severe right coronary artery focal disease in a large, 4-mm vessel. He is not diabetic and has normal renal function. Recommendation: bare metal stent. Reason: low risk for restenosis (nondiabetic, focal lesion, large-diameter artery).
CASE 3
A 48-year-old man with a history of substance abuse (cocaine, heroin, and amphetamines), end-stage renal disease on hemodialysis, left ventricular dysfunction, and recent subdural hematoma (3 months ago) underwent cardiac catheterization for unstable angina. He was found to have a mid-circumflex artery lesion. He does not comply well with his current regimen. Recommendation: bare metal stent. Reason: high risk for bleeding (recent subdural hematoma); increased risk of late drug-eluting stent thrombosis (renal failure, noncompliance with medications, left ventricular dysfunction).
CASE 4
A 63-year-old woman with a history of diabetes, hypertension, and fibromyalgia presented to the emergency department with chest pain. A stress test was positive in the right coronary artery distribution, and left heart catheterization showed a small-diameter diffuse lesion in the right coronary artery. Her ventricular function is normal and she has no anticipated surgeries in the future. Recommendation: drug-eluting stent.
Reason: high risk for restenosis (diabetes, diffuse lesion, small diameter), low risk for late drug-eluting stent thrombosis (no renal failure, nonbifurcating lesion, normal ventricular function).
T A B L E 3
on December 26, 2013. For personal use only. All other uses require permission. www.ccjm.org Downloaded from ing of in-hospital or outpatient bridging requires further study, as there is currently no evidence to support its efficacy. A future bridging strategy may involve the use of the investigational intravenous adenosine diphosphate receptor antagonist cangrelor.
Some patients stop taking their medication on their own. A recent prospective study found that patients who prematurely stopped taking their clopidogrel were older, less likely to have completed high school or be married, more likely to avoid health care because of cost, and more likely to have had cardiovascular disease or anemia at presentation. 54 In fact, one out of eight patients stopped taking clopidogrel within 30 days of receiving a drug-eluting stent. These patients had a significantly higher risk of death during the next 11 months (7.5% vs 0.7%). Better patient education about the importance of dual antiplatelet therapy is vital to prevent late thrombosis in drug-eluting stents.
Debate has arisen regarding the proper duration of dual antiplatelet therapy beyond 6 to 12 months. Many cases of late stent thrombosis have been reported following late cessation of antiplatelet therapy. McFadden et al 14 reported four angiographically confirmed cases of drug-eluting stent thrombosis that occurred 335 to 442 days after implantation. In all four patients, antiplatelet therapy had been stopped less than 2 weeks before the event because they were scheduled for a surgical procedure. Two of the four patients also had bare metal stents that did not develop stent thrombosis.
While many surgeons ask that antiplatelet therapy be completely stopped before a scheduled procedure, some operations such as coronary artery bypass grafting and cataract surgery can safely be performed with the patient on aspirin therapy. [55] [56] [57] [58] Therefore, managing antiplatelet therapy around surgical procedures involves weighing the risk of precipitating stent thrombosis (or native coronary More than 6 months after stent implantation FIGURE 1. Proposed algorithm for assessing the need for in-hospital or outpatient bridging therapy in patients with drug-eluting stents when dual antiplatelet therapy will need to be interrupted before surgery. It should be noted that such a strategy of bridging has not been prospectively validated, and such use of intravenous glycoprotein IIb/IIIa inhibitors and heparins has not been approved by the US Food and Drug Administration.
thrombosis) by stopping antiplatelet therapy vs increasing the risk of surgical bleeding by continuing the antiplatelet therapy. To balance these risks, the surgeon and cardiologist need to communicate during the perioperative period (FIGURE 1) .
In a recent study of 1,911 consecutive patients with drug-eluting stents, one third of the cases of late stent thrombosis occurred while patients remained on dual antiplatelet therapy. 20 For patients who have survived an episode of late stent thrombosis while on dual antiplatelet therapy, triple antiplatelet therapy with aspirin, clopidogrel, and cilostazol (Pletal) may be an option to consider. 59 Certainly, one should ascertain if the patient really has been compliant with dual antiplatelet therapy.
■ WHAT WE RECOMMEND Thrombotic events are rare after percutaneous intervention, but when they occur, they can kill. Recent findings of late drug-eluting stent thrombosis are of great concern, as these devices appear to increase the risk of late stent thrombosis compared with bare metal stents.
Careful management that involves the cardiologist is warranted in patients who receive drug-eluting stents, as stopping dual antiplatelet therapy can result in late stent thrombosis. At Cleveland Clinic, we usually treat with clopidogrel and aspirin for at least 12 to 24 months and aspirin indefinitely.
In-hospital or outpatient bridging with intravenous antiplatelet agents with or without anticoagulant agents can be considered for some patients with a drug-eluting stent who must undergo a surgical operation that requires stopping dual antiplatelet therapy prematurely, though this approach needs to be prospectively validated.
For patients who have survived an episode of late stent thrombosis while on dual antiplatelet therapy, assuming that the initial procedure was technically adequate with respect to stent sizing and deployment (which can only be confirmed by intravascular ultrasonography), triple antiplatelet therapy may be considered. 59 Many questions are yet to be answered. What is the proper duration of dual antiplatelet therapy after implantation of a drugeluting stent? Which patients are at risk for late thrombosis?
Bare metal stents may be preferable in patients who do not take medications reliably, cannot afford clopidogrel, have a bleeding propensity, or may require a surgical procedure in the near future. A drug-eluting stent should be considered in patients at high risk for restenosis and without additional risk for late thrombosis. The advantage of drugeluting stents (elimination of restenosis) must be weighed against the possible need for lifetime dual antiplatelet therapy.
The ultimate solution to these problems may require new generations of drug-coated stents or the development of bioabsorbable stents that remain in place only long enough to interdict the process of restenosis.
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